Abstract:
INTRODUCTION
Medical stinging-cutting devices (needle-stick and sharps) still pose a serious occupational threat to Healthcare Workers (HCWs) because of injuries, which can expose HCWs to different bloodborne pathogens (e.g. example human immunodeficiency virus, hepatitis B virus and hepatitis C virus etc.) [1 -3] . The World Health Organization estimated that approximately 40% of HBV and HCV infections and 2.5% of HIV infections among healthcare workers are due to medical stinging-cutting accidents [4] . Available literature on sharps injuries amongst HCWs shows widely varying numbers from 1.4 up to 9.5 (worldwide) per 100 HCWs per year [5, 6] .
Previous strategies to prevent accidents have included general training and education and the introduction of needle protection devices [7] . From 1988, many of the protective measures recommended by the Centre Diseases Control, including those related to needle disposal, have become enforceable by the Occupational Safety and Health Administration (OSHA) and the Directive 2010/32/EU (made national low in all EU countries by May 2013) which was issued to protect Healthcare Workers (HCWs) from the risk of occupational exposure and infection with bloodborne pathogens [8, 9] . In the United Kingdom, puncture wounds and occupational transmission of blood borne pathogens have been sensitized by the Royal College of Nursing and Union for people working in Britain's Public Service (UNISON) [10] . Subsequently, the UK Department of Health recommended a drastic reduction in the use of cutting devices wherever possible and to consider the introduction of protective devices for all kinds of needles used in hospitals [11] . There is lack of evidence to show that current prevention policies are effective in reducing the impact of needle stick accidents [12, 13] . Few studies have estimated the incidence of reported sharps injuries [14, 15] , and very few data are available on the health impacts of exposure to health-care waste, particularly in the case of developing countries [16 -19] . There is no study that assesses the number and the modality of stinging-cutting accidents and healthcare waste management's knowledge among hospital staff in Sicily (South Italy).
Preventive public health policy is most effective when there is a thorough understanding of the hazard [20, 21] . In the USA, the waste management is a specific subject proposed to health facilities by the Joint Commission on Accreditation of Healthcare Organizations (JCAHO), with specific reference indicators and standards [22] . The approach used in Italy, like in the rest of the EU, is based on "waste management" focusing on the prevention and reduction of production and recovery [23, 24] . Moreover, the current legislation gives indications that public health facilities must provide for the waste management costs [25] .
Good medical waste management in hospital depends on a dedicated waste management team, good administration, careful planning, sound organization, underpinning legislation, adequate financing and full participation by trained staff [26] . Moreover, the surveillance of accidents is important to identify indications of inadequate waste-management practices. Surveillance also provides a basis for introducing control measures, assessing their efficacy, reinforcing routine preventive measures and determining the level of avoidable infection [27] .
This study aims to evaluate the number and modality of stinging-cutting accidents and to assess healthcare waste management's knowledge of hospital staff of the departments where the accidents occurred.
MATERIAL AND METHODS

Study Settings and Data Collection
Both a retrospective 3-year incidence study (January 2013 -December 2015) and a cross-sectional anonymous survey were conducted.
The retrospective incidence study has involved the biggest public hospitals in Catania (South Italy), without exclusion criteria.
Considering that the average number of injuries in a hospital ward is about 15 cases in 10 years [30] , the occurrence of at least 5 injuries in the period examined (2013) (2014) (2015) was the inclusion criteria to select the operative units for the survey.
Retrospective Incidence Study
The retrospective incidence study took into consideration only the accidents officially reported in the hospitals records. Hospital records were requested, through a letter, to the manager of each public hospital. The hospital records were used to estimate the number of accidents and to extract detailed information about accidents. In particular, operative unit, date of accident, role, age, gender, type of injury, site of the lesion and the circumstances of the accident data were acquired for each health professional involved in stinging-cutting accident. All shifts were taken into account by each hospital, both in hospital stay and operating room. The stinging-cutting accidents were divided into needles and scalpel blades. Lesions caused by cartridges and scissors were not analysed due to the poor definition of the first and the lack of accurate usage data for the latter.
Cross-sectional Anonymous Survey
The department manager of each public hospital gave the formal approval to collect data and agreed the methods for administering the questionnaire. Preliminarily, information regarding the study (purpose, protocol and methods) was provided to the participants, ensuring the confidentiality of information, including the guarantee of anonymity. Only those gave their consent to participate were admitted to the study. The questionnaire contained 16 multiple-choice questions and it was proposed to the health workers (nurse and auxiliary nurse) of the departments where the accidents occurred and those who personally deal with the management of medical waste. Data on the healthcare waste management knowledge was collected using face-to-face interview. In each answer, respondents were given 1 point for the correct answer and no point for an incorrect answer. Therefore all the correct answers have been added to calculate the mean level of knowledge for each operative unit.
Statistical Analysis
Statistical analysis was performed using SPSS for Windows (Statistical Package for the Social Science, version 21.0; SPSS Inc., Chicago, IL, USA). The number of accidents recorded and all healthcare personnel was used to calculate the injury rate. Categorical data were described as absolute frequencies and percentages. Continuous data were presented as mean or medians and IQR. Chi-square test was used to assess a possible association between each qualitative independent variable and stinging-cutting accidents among healthcare workers. The effect size was quantified by Cramer's V. The Kruskal-Wallis test was performed to evaluate differences for quantitative variables. The statistical significance was set at a p-value< 0.05.
RESULTS
Retrospective Incidence Study
Stinging-cutting accidents (needles and scalpel blades) were experienced by 240 of 5729 exposed healthcare professionals (doctors, trainees medical, nurses, auxiliaries and laboratory technicians) with an incidence rate of 1.4 per year (mean value). Annual incidence rates were: 2013= (105) 1.8%, 2014= (70) 1.2% and 2015= (65) 1.1% (p= 0.003).
The relationship between stinging-cutting accidents and the main characteristics of health professionals, job category, day of accident and year is reported in Table 1 . In brief, the accidents experienced by health professionals (62.1% female) aged from 20 to 68 years, in nurses more than in doctors (65.8% and 18.3%) and on Wednesday (22.9%) followed by Tuesday (17.9%), Thursday (17.1%), Friday (14.6%), Monday (12.5%), Saturday (8.8%) and Sunday (6.3%) (p= 0.000). No significant differences were found in the three-year study period ( Table 1) . Needle accidents' frequency was higher than accidents by scalpels blades (91.3% vs. 8.8%, p=0.000). We have found a weak association between injury (needles and scalpel blades) and job (nurses and doctors) categories (p=0.039, Cramer's V 0.155), which may explain 2.4% of the variance. In particular, needle accidents' frequency was higher in nurses than in doctors (95.6% vs. 86.4%) whereas the frequency of scalpel blades accidents was higher among doctors compared to nurses (13.6% vs. 4.4%) The bivariate analysis that assessed the association between stinging-cutting accidents and the other job categories (Trainee Medical, Laboratory technician and Auxiliary nurse) did not report significant association (data not showed).
No significant association was found between stinging-cutting accidents and operative units: anaesthesia (17.8%) surgery/operating room (17.8% and 18.5%), genecology (5.2%), nephrology (5.9), orthopaedics (4.4%), emergency room (13.3%).
The relationship between the operative units in which the stinging-cutting accidents occurred and job categories was not analysed because the assumption of the chi-square test was not satisfied: seven cells (38.9%) were expected to have count less than 5 and the minimum expected count was 0.50.
Comparing the frequency of accidents (needles and scalpel blades) in terms of year among the operative units, we found no significant trend reduction in anesthesia (2013=54.2%, 2014=25.0%, 2015=20.8%), internal medicine (2013=58.3%, 2014=25.0%, 2015=16.7%) and nephrology (2013=62.5%, 2014=25.0%, 2015=12.5%).
The most frequent site of the lesion was the left (15.8%) and right (16.3%) second fingers. Only the right second finger injuries had an increasing trend in the study period (2013: 13.3%, 2014: 15.7%, 2015: 21.5%).
The most frequent cause of needle-stick injuries was needle puncture during medical procedure (67%) (2013: 64.8%, 2014: 65.7%, 2015:57.5%) followed by unattended suture needle ( For the aforementioned analyses, they were no reported p-values because most of the categories had a frequency near to 0 .
Cross-sectional Anonymous Survey
Out of 3050-exposed health professionals (nurses and auxiliaries) 428 (14%) completed the survey. The questions and the wrong answers of the survey about health professionals' knowledge are reported in Table 2 . Table 2 . Wrong answers to the 16 item of the questionnaire used for the survey.
Questions
Wrong Answers n (%)
1. What is the right way to dispose of a blood strained bandage? 7 (2) 2. What is the right way to dispose of a bag full of urine with visible traces of blood? 28 (7) 3. What is the right way to dispose of a syringe after performing an injection? 31 (7) 4. What is the right way to dispose of a placenta? 109 (25) 5. An empty IV bottle not contaminated by biological waste used for a patient with the diagnosis of suspect appendicitis has been removed. What is the right way to dispose of it? 161 (38) 6. A diaper not contaminated by blood from a patient who does not have oral-fecal infectious diseases has been removed. What is the right way to dispose of it? 241 (56)
7. What kind of waste are amputated limbs classified? 95 (22) 8. What is the right way to dispose of the gloves used by the gynecologist during a visit? 112 (26) 9. What is the right way to dispose of the gloves used but not contaminated by body fluids? 179 (42) 10. What is the right way to dispose of the bag of urine, which does not contain traces of blood and properly emptied?
(64)
11. What is the right way to dispose of sanitary napkins from blood?
(68)
12. What kind of waste are expired medical products classified? 81 (19) 13. What kind of waste are expired drugs/medicines classified? 203 (47) 14. What is the right way to dispose of hazardous medical waste at risk of infection, which is not stinging or cutting? 51 (12) 15. What is the right way to dispose of an IV bottle partially filled with drug?
(85)
16. What is the right way to dispose of a plaster cast removed from a limb not contaminated with blood? 121 (28) The operative unit of anesthesia had the highest percentage of correct answers (81%) but the lowest adhesion rate to the survey (11%). The operative unit of surgery had the highest frequency of accidents (32.7%), a percentage of correct answers equal to 70% and an adhesion rate equal to 13% ( Table 3) . 
DISCUSSION
In our study, only 4.2% of the healthcare workers reported having an accident, from January 2013 to December 2015, with a significant decreasing annual incidence rates. The reported incidence of sharps injuries in literature ranges widely from 1.4 to 9.5 per 100 healthcare workers per year; therefore the underestimation of accidents could be a widespread concern [27 -29] . Lynn Y. Choi et al. have found several reasons why healthcare workers do not report accidents: because of time, due to fear, surgical culture etc [28] .
According to Puro V. et al. in our study, the most accident-prone operative units were observed to be surgery and anaesthesia, needle-stick injuries were more frequent than scalpel injuries, and nurses and doctors are more affected than other job category [30] .
Moreover, previous studies and our results point out that the most frequent causes of needle-stick and sharps medical accidents were needle puncture during medical procedure and unattended scalpel blades, respectively [31] .
Devices have provided health care professional with a new opportunity to reduce injuries but also the safest devices are not always protective, and they often rely on the correct use [32] . We found 4% of needle-stick accidents because of re-capping. Despite having the knowledge of safety measures by 97% staff, in practice, they are only partially adopted. For example the re-capping of used needles continues to be one of the most risky operations still practiced (17% of cases) [33] . These results may suggest that needle-stick accidents would be representing a realistic aim for our hospitals; moreover, compliance with Universal Precautions is essential if prevention by vaccination is not possible [34] .
The most accidents (75.5% of accidents) are related to inattentiveness, fatigue, stress, nurses' sense of urgency, variable shift work, and lower skill level related to years of experience, academic degree and younger age [35, 36] . The increase in workloads of health workers and the introduction of increasingly complex diagnostic and therapeutic procedures can also explain this trend. A cross-sectional study, involving nurses and specialized clinical coordinators, highlighted a tendency to underestimate the occupational risks [37] .
Our results are in agreement a study reported in the literature. It is therefore necessary to investigate the circumstances of the accidents, the habits and behaviours of health workers, in order to identify the weaknesses which can be dealt by implementing a series of organizational and educational measures aimed at reducing the incidence of injuries. In addition, injuries represent not only health risk for health workers, but also an economic problem. In Italy, the average cost of diagnosis, prophylaxis and post-exposure monitoring is around € 850 per event (range 750-1320 Euro) [38 -40] .
Our survey and previous studies revealed a number of critical issues related to the health waste classification and management practices [41] . None of the surveyed operative units had good knowledge about the right way to dispose off healthcare waste. The knowledge of the clinical risk and its governance allows the operators to think according to prevention logic, it would allow to act on risk factors such as stress, fatigue and inattention, excessive workloads and adequate placement of the cutting disposal containers. Unfortunately, the lack of training on the subject is increasing instead the training should be an important variable in the context of the mandatory update of health workers. Caciari et al. confirm that the correct use of personal protective equipment, training and information of workers and observance of universal precautions are effective for their protection [42] .
Therefore, organizational and educational measures implemented in order to reduce accidents must include both the training/information of health workers and the correct use of protection devices. It is also essential that the formation is continuous and in step with progress [43] , the involvement of the personnel of various sectors and disciplines in the planning and implementation of the activities, improves the culture of safety that is essential for the success of this initiative [44] .
This retrospective incidence study has several limitations. Injury rate was calculated using all personnel so we underestimate the overall risk by including those who have little or no risk of stinging-cutting accidents. We did not take into account multiple injuries and the study was based on accidents officially reported, so it may affect the calculation of incidence rate and it is does not allow to comment on the number of non-reported cases. It is known from the literature that about 27% of the accidents were not reported because the item was unused and 7% were unreported because the incident was considered to be "minor" [45] . Moreover, our results showed differences in the frequency of injuries on weekdays, but we do not have information about the causes whose knowledge might be important for future interventions aimed at reducing accidents. Furthermore, the cross-sectional study design precludes causal inference for the relationship between stinging-cutting accidents and the knowledge about healthcare waste management.
The survey has limitations too. The major limitation is the small sample size, which makes it difficult to perform subgroup analyses. This was because of a relatively low response rate, which can be characteristic of survey-based studies. A future direction is a larger multicentre study to produce suitable data analyses with a sufficient statistical power useful to highlight what could be done next to improve health professional training. Moreover, we did not take into account years of experience as health professionals, long work hours and no information is available regarding the content of the training sessions in each work-place.
Finally, we investigated only the biggest public hospitals of Catania, so our results may not be representative of all hospitals.
CONCLUSION
In conclusion, continuous monitoring and training programs are needed to reduce the hazards to healthcare workers, moreover protecting the health of healthcare workers is critical to preserving the healthcare system. The results of this
